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TECHNOLOGY DEVELOPMENT MISSIONS CONCEPT DEFINITION STUDY
TDMX 2066 LARGE INFLATABLE/RIGIDIZED STRUCTURES

By Dr. R. E. Giuntini and K. M. Seiser, Wyle Laboratories

INTRODUCTION

preliminary evolutionary plan will be
presented which indicates the major
from
phases
development
experiment
ground based prototypes to full scale
Stat-ion deployment.

The advent of the Space Station will
require the development and advancement
of many new technologies. One of which
Inflatable/
of
development
is the
paper
This
Structures.
Rigidized
definition,
concept
the
addresses
feasibility and requirements for a Large
Inflatable/Rigidized Hangar for Payload
Station.
Space
the
on
Servicing
Tech
Structure
Inflatable/Rigidized
nology has existed for .many years, but
applications of this technology to Space
Based Elements has only begun during the
Inflatable/Rigidized
decade.
past
Structures offer a variety of benefits
and applications to the Space Station,
key of which is their low weight and
volume requirements for transfer to the
A 60X40 foot foam hangar can
Station.
be packaged and shipped in a specialized
container approximately 46 m3 and will
usable
of
m3
3200
provide
working/storage space. Previous studies
have produced tremendous success in the
and
fabrication
design,
of
area
development of such Inflatable/Rigidized
a Spacelab transfer
Structures as:
platforms,
airlocks,
module
tunnel,
interconnect
hangars,
storage
large
tunnels, and lunar habitation modules.
This paper will address the technology
issues/advancements which must be meet,
the requirements for accommodations on
the Space Station, such as crew and
equipment requirements to assemble the
Pre-launch
hangar at the Station.
be
also
will
requirements
ground
addresses, which include new advanced
Rigidized
for
techniques
packaging
structures. Typical Ground and On-orbit
Finally a
scenarios will be provided.

BACKGROUND AND OBJECTIVES

The objectives of the concept definition
study for TDMX2066 for the Space Station
were as follows:
1) Perform a concept definition study to
identify the candidate Inflatable
/Rigidized Structure concept of most
benefit to the Space Station and then
for
requirements
the
identify
accommodation on the Space Station,
2) Identify all ground and on-orbit
operational and logistical/support
resource requirements necessary to
assess Space Stations capabilities
This
mission/concept.
the
for
at
aimed
be
will
activity
identifying/providing the necessary
input into the Mission Requirements
Data Base (MRDB).
3) Develop a preliminary evolutionary
plan that indicates major experiment
phases from development to Space
Station flight.
These objectives have been addresses and
the results provided in this paper.
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Three types of construction techniques
were addressed which include the use of
Pressurized
composite
structures as
opposed
to
mechanically
rigidized
composite structures.

REPRESENTATIVE APPLICATIONS AND
TECHNOLOGY OPTIONS

A wide
range
of
applications
for
Inflatable/Rigidized
structures
have
been identified for use on the Space
Station, the Space Shuttle,
Orbital
Transfer and Satellite Systems and Lunar
Habitats.
Some of these applications
are:

The
for
for
not

A. Space Shuttle Enhancements

o

A pressure bladder comprised of a 3layered
lamination
of
flexible
sealant materials can serve as a gas
barrier
for
pressure
tightness.
These materials night include a
close-woven nylon cloth outer layer,
a 1/16 inch sandwiched layer of vinyl
foam, and an inner layer of mylar
film laminate.

o

The pressure bladder might be epoxybonded to the inner surface of a
pliable
filament-wound
dacron/
urethane composite structural wall
with
load
carrying
ring
cables
sandwiched between the bladder and
the wall.
(The windings of the wall
would be bonded directly to the rings
to prevent possible filament angle
shift.)

o

A
micrometeoride
barrier
might
consist of a 2 inch thick flexible
polyurethane open cell foam (1.2 pcf
density
weighing
0.2
lb/ft2 ).
Illinois
Institute
of
Technology
tests
concluded
that
this
will
provide
penetration
resistance
equivalent to an aluminum sheet 0.53
cm thick (1.44 gm/cm2 .)
The foam
barrier will provide an insulating
value
of k-0.156 which can be
increased to k-1.46 by imbedding 5mil diameter copper filaments (26
filaments/inch2 ) into the foam.

o

An outer cover might be comprised of
dacron/mylar film-fabric coated with
a zinc-oxide thermal coating with a
pigment silicone elastomer.

Protective bumpers attached to payload
units during and/or following launch,
and
extendible
Shuttle-Spacelab
and
Shuttle-Space Station transfer tunnels.
B. Space Station Elements
Attachable
pressurized
modules,
airlocks,
and
interconnect
tunnels,
emergency escape pods, masts and EVA
work
platforms
and
structurally
rigidized
hangars
and
storage
facilities.
C. Orbital Transfer and Satellite
Systems
OTV aeromaneuvering/braking devices and
antenna and satellite enclosures.
D. Lunar Habitats
Lunar habitation modules, airlocks and
ancillary storage facilities.
It is believed that Inflatable/Rigidized
Structures can be of significant benefit
in "Satellite Servicing", OTV and OMV
Servicing
operations
at
the
Space
Station.
Particularly special one-time
servicing operations.
This
latter
application
was
chosen
as
the
Inflatable/Rigidized Structure concept
to pursue in the study analysis.
Much work has been conducted by Goodyear
Aerospace
in
the
development:
of
Inflatable/Rigidized Structures.
These
studies
and
several
other
have
demonstrated
the
feasibility
of
Inflatable/Rigidized
Structures
for
numerous space applications.

general construction approach used
the Lunar Habitat might be adapted
application where flammability is
a risk factor:

The Predistribution of unactivated foams
approach involves the incorporation of a
flexible mesh core material impregnated
with a gelatin resin between membranes
of
a
sealed
structure
during the
fabrication- .process.
The structure
remains flexible during the packaged
configuration.
Once orbital conditions
have been attained and the structure is
deployed, the wall cavity is vented to
vacuum,
allowing
the
gelatin-resin
moisture to escape.
This results in

Several technology options arose during
the course of the concept definition
study.
It was not the intent of the
study to resolve these issues but rather
to identify the issues and possible
resolutions. The issues encounter fell
into two major categories, Types of
construction and Types of forms.
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rigidization of the foam layer in its
after
configuration
expanded
final
approximately one hour:
Goodyear Aerospace Corporation (GAG)
investigated 12 chemical systems for
a
selected
and
process
this
a
with
gelatin
reversible-type
companion Scott foam mesh core as the
resin/carrier
promising
most
(This composite should be
composite.
further evaluated for space use and
performance.)

o

o

Two novel resin systems, hydron and
poly (vinyl alcohol) on a mesh core
substrate were identified as possible
rigidizing
candidate
alternative
resin systems for consideration.

o

Aerospace applications of chemically
rigidizable composites will require
tight packaging of structures built
It
in whole or part of composites.
will be important to ensure that no
adhesion (blocking) develop between
two resin-coated surfaces in contact
that might later interfere with
deployment.

o

Early experiments indicated that some
control of water rate evaporation
from a structure being rigidized in
space will be required to avoid
premature evaporative cooling.

o

A gelatin-impregnated resilient mesh
repeatedly
be
can
system
core
rigidized or flexiblized by loss or
gain of a few percent of water
greater
much
offering
weight,
adaptability in fabrication technique
than resin systems that rigidized
through
non-reversibly
Reliability through
polymerization.
packaging and storage as well as
strength at elevated temperatures for
gelatin systems is very good.

o

construction
sandwich
An example
concept proposed by GAG combines a
gelatin-impregnated polyurethane mesh
core with plies of fiberglass and a
nylon film-cloth outer cover.

o

A Hendrix Cocoon Structural System
developed by the Orbital Structures
Company (OCS) which applies this
approach has been registered with the
The system has
U.S. Patent Office.
been studied at Rice University.

o

Two general configurations have been
space
for
OCS
by
proposed
cocoons in which the
applications:
entire structure is constructed as a
tubular
and
bladder;
sealed
of multiple
comprised
structures
ribs.

o

Candidate materials for foam-in-place
currently being
are
construction
Envelope candidates
studied by OCS.
are biaxially-oriented polymer films
(polyester, polyurethane elastomers
potentially
polyamides)
and
reinforced with plastics (polyaramid
fabric or carbon fibers). Expandable
core candidates are polyurethane foam
epoxy-based
formulations,
formulations and syntactic foams.

The second area of technology issues/
options (Types of forms) are divided
into the use of two classes of forms
Simple forms
Simple and Compound.
Diaphrams/
of
use
the
encompass
parachutes and blankets, Solid wall
tubes and bladders and Cavity wall tubes
While Compound forms
and bladders.
address both tubular and Tube/bladder
assemblies.
Micrometeoride countermeasures rank with
flammability
discussed
previously
safeguards as major crew safety concerns
GAG selected
for space structures.
a
as
foam
polyurethane
flexible
micrometeoride barrier of preference for
inflatable/deployable structures based
hypervelocity
company-sponsored
upon
particle impact tests conducted at GAC's
RTD Dayton facility in the early 1960 f s.
analyzed
research
GAC-sponsored
characteristics
material
different
applied to three-part micrometeoride
protection systems consisting of a
bumper, a 2 inch thick spacer, and a
structural wall.

The foam-in-place construction approach
involves the fabrication of a flexible
double-walled envelope of desired size
and shape which is transported to space
Upon deployment
in a collapsed form.
the envelope is inflated and the core
components are mixed and injected and
core
the
of
(foaming)
expansion
components produces a rigid composite:
5-11

o

Of 9 candidates tested, fiberglass
cloth was selected as the material of
choice for a bumper.

o

flexible
tested,
candidates
Of
polyure- thane foam was selected as
the material of choice for a spacer.

o

o

Of 5 candidates tested,
dacron/
polyurethane was selected as the
material of choice for a structural
wall.

TDMX 2066 CONCEPT DESIGN

The following section of this paper
identifies the Ground Logistics/Support
Resource
Requirements,
STS
Flight
Requirements and the On-Orbit Logistics/
Support Resource Requirements for the
TDMX 2066 concept selected. It is this
data which provided the input to the
Mission Requirements Data Base.

The figure that follows presents
types
of
materials
tested
for
micrometeoride protection systems to
be used with inflatable or flexible
structures in space. These data can
be used as a starting point for
additional
testes
of
material
alternatives for manned habitats,
hangers and other applications.

The concept chosen for TDMX 2066 is
illustrated in Figure 1.0. The concept
provides for the servicing of the OTV
and OMV via a large Inflatable/Rigidized
hangar attached to the Space Station's
main truss assembly.
This concept
consists
of
2
Inflatable/Rigidized
Hangars 40 feet long and 60 feet in
diameter.
These dimensions were based
on the size of the OMV and OTV for entry
into the Hangar.
The hangars are
connected by 6 hexagonal interconnect
plates.
These plates not only connect
the two hangars but provide for the
attachment of a pressurized work module
that can be seen extending from the
bottom of the figure.

As a result of hypervelocity tests
(0.0045 gram particles at 22,000 ft/sec
and 0.005 gram particles at 30,000
ft/sec) it was concluded that flexible
polyeurethane foam of 1.2 pcf density
was equivalent to a single sheet of
aluminum of 15 times the mass per unit
area. Thus, a two inch thickness of 1.2
pcf foam was considered to be equivalent
to an aluminum sheet 0.53 cm thick
(1.44gm/cm2 ) with respect to penetration
resistance.
o

The density of the foam barrier was
increased in development studies from
1 to 2 lb/ft 3 to provide a non
flammable
material.
Increasing
density did not increase particle
penetration barrier characteristics.

o

A different type of barrier material
was recommended for the expandable
rigidized materials concept.
This
applies a flexible urethane mesh
(Scott Foam 10 PPI) of 1.8 lb/ft 3
density. The material can serve as a
basic
mechanism
for
rigidizing
structures
as
well
as
a
micrometeoride barrier since the mesh
is
an
ideal
substrate
for
impregnation with gelatin resin.
(The normally flexible mesh material
when impregnated may be rigidized by
vacuum curing of the resin.

o

Additional tests will need to be made
on representative materials with and
without rigidization to determine
resistance
to
penetration
by
micrometeorides and space debris.

FIGURE 1.0
CONCEPT DESIGN FOR TDMX 2066

GROUND LOGISTICS / SUPPORT RESOURCE
REQUIREMENTS

While this is by no means an 'all
inclusive list of potential technology
issues/options these two areas were
identified as key to the overall
development
and
progress
of
Inflatable/Rigidized Structures future
in Space Based applications.

Preparation and packaging of Rigidized
Structures for Space applications is a
very new area of endeavor with many
diverse opinions and approaches.
The
approach selected was based on a
technique
developed
by
Goodyear
Aerospace.
While this technique was
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tested on a structure of much smaller
scale it provided excellent results and
there is no foreseen reason why it would
It should
not work on a larger scale.
be noted that the ground preparation and
the
identify
sequences
packaging
requirements for production of just one
of the items when in some cases. 2 or 3
of the items may be required.

The hangar is pleat folded, Figure 2.0,
with 2 foot pleats. The height of each
pleat is approximately 6 inches and 16
pleats are required to accommodate the
60' hangar diameter. Thus reducing the
total size of the hangar to 32 feet by
Once the hangar
40 feet by 6 inches.
has been pleated a flexible nylon cord
with clasps on each end is placed down
the center of the hangar. This will be
used to tie down the hangar during onorbit construction. Two 1 inch diameter
These
hoses are placed on the hangar.
hoses run the length of the hangar 40
feet. The hangar is then rolled up to a
diameter of approximately 5 feet. This
was calculated from the Spiral of
Archimedes principle.

The foam 40 f by 60 ' foam hangar would be
transported to a preparation room.
Within the prep room the hangar is
positioned open and suspended from the
ceiling of a resin spray booth using
The
conventional placement straps.
resin spray nozzles are positioned in
The resin is
and around the hangar.
to
applied
then quickly and uniformly
both sides of the Hangar. This is done
by allowing both the positioning straps
and the spray nozzles to move the hangar
and the spray of resin onto the hangar.
It is believed that this would be an
activity controlled by computers such
that maximum uniformity of the spray is
Once the resin has been
obtained.
applied to the hangar an open vacuum bag
40 f by 60 ' is quickly placed on the
floor of the spray booth. The hangar is
then lowered onto the vacuum bag by
positioning
overhead
the
adjusting
Once the hangar is completely
straps.
on the bag the upper section of the bag
is placed on top and sealed together.

The pleated and rolled hangar is then
specialized
its
within
packaged
The container will be used
container.
to .store the hangar in the cargo bay
during flight and will provide the
on-orbit
for
equipment
necessary
The container
assembly of the hangar.
consists of two expulsion bladders which
when inflated by the gas bottle and
manifold assembly will eject the hangar
The manifold
from the container.
assembly is also connected to the two 1
inch diameter tubes placed and rolled up
within the hangar.
The specialized container is then locked
The container
down and vacuum sealed.
is then readied for it flight to the
Space Station onboard the Space Shuttle
Pallet. Figure 3.0 provides a cut-a-way
container
specialized
the
of
view
readied for flight.

The foam hangar is approximately 2 1/2
inches thick and once folded over it
becomes 5 inches thick inside the vacuum
The vacuum bag is attached to a
bag.
vacuum pump and a vacuum is drawn on the
The reduction in atmospheric
bag.
pressure compresses the hangar/bag to a
inch
2
approximately
of
thickness
without damaging the integrity of the
This reduced thickness will
structure.
allow for the packaging of the Hangar.

FIGURE 2.0
PLEAT FOLDED FOAM HANGAR

FIGURE 3.0
FOAM HANGAR SPECALIZED CONTAINER
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The mission requires packaging and
deployment of two types of truss systems
to hold the hangar and the hangar floor
in place. These are:

The same packaging concept is observed
for the floor trusses as for the uShaped Assembly.
The two collapsed
floor
trusses
are
packaged
in a
specialized container, 7'.0 X 8 '.2 x
4 ' . 2 . The approximate weight, of the two
packaged floor trusses is approximately
260 Ibs.

1) Two Floor Trusses each 40' by 4' by
4'
2) A U-Shaped Truss Assembly which
consists of three 48' by 4 ! by 4'
trusses

Six Hexagonal interconnect are required
by the mission.
Each interconnect is
approximately 15' by 26' by 1". Figure
5.0 illustrates the packaging/folding
techniques used to ready the panels for
transport.
Each panel is fan folded.
Each fold is approximately 4" thick and
5 folds are made.
Thus, the total
packaged dimensions of a panel is 15' by
5.2 1 by 20". The panels are then placed
in a specialized container 6*.0 X 16 f .o
X 2 1 .0.

The U-Shaped Truss Assembly provide the
support to the Hangar itself.
Two of
these trusses are attached to the Space
Station Main truss the third truss is
then attached to the ends of the first
two.
The two floor trusses are shown
attached to the inside of the U-Shaped
Truss Assembly in Figure 4.0.
These
trusses provide the support for the foam
floor.

ONE (1) 15' X 26'
CONNECTOR PANEL

4"

FIGURE 5.0
HEXAGONAL INTERCONNECT PANELS

Tracks for the RMS will be installed on
the floor of the hangar.
This will
allow access to the interior of the
hangar by the RMS.
30 ' of track are
required by the mission.
Each track is
approximately 3" high and wide and 10"
long.
The track is snapped together
during assembly.
The dimensions of the
specialized container for holding the
track during transport and assembly are
10'.0 X 2 1 .0 X 2 1 .0.

FIGURE 4.0
U-SHAPED TRUSS ASSEMBLY

The major difference between the two
trusses is their length.
One truss is
40 feet long the other 48 feet.
Both
trusses
are
composed
on
collapsible/expandable sections.
These
sections are collapsed to 8 inches
during packing.
In the case of the
floor trusses (i.e. 40') 10 eight inch
sections are produced while in the UShaped Trusses (i.e. 48') 12 sections
are produced.

A variety of specialized tools and
equipment
are
required
during the
assembly of the mission.
These tools
and equipment have been packaged in a
specialized Construction and Assembly
Kit.
The kit contains the following
items in the following quantities:
35
1
4
150
2
20

The three trusses comprising the UShaped Assembly
are
then
packaged
together in a specialized container
approximately 12' . 2 X 8 f .2 X 4 f .2.
The
approximate weight of the three packaged
trusses is approximately 300 Ibs.
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Truss Connectors/Fasteners
Mechanical Roller
Heated Roller Bars
Fastening Clips
Fastening Guns
Hexagonal Interconnect
Corner
Support Plates

The third Shuttle flight consists of a
train of three pallets carrying the two
The
hexagonal interconnect assemblies.
third flight is not considered to be a
dedicated flight since usable room is
available for other payloads in the
cargo bay.

STS FLIGHT REQUIREMENTS

Three dedicated Shuttle flights were
mission
the
transport
to
required
The
systems to the Space Station.
the
identifies
section
following
configurations of each Shuttle flight.
All systems were placed on Space'Shuttle
pallets. It was not within the scope of
the study to identify new payload
carriers but rather to make optimum use
of existing carriers.

PALLET

VOLUME

^sNX. (5.96) HAD MAX PAYLOAD
ENVELOP-VOL
\. N^

\

^ fc|||f";:;|i.

Figure 7.0 illustrates the end profile
flight mission
first
view of the
systems. The Space Shuttle cargo bay is
15 feet in diameter. Once the pallet is
attached and then the systems are
mounted on the pallets no usable room
remains for other payloads.

SHUTTLE

FIRST

The second Shuttle flight again consists
of a train of five pallets carrying one
inflatable hangar, one U-shaped truss
assembly and one floor truss assembly.

SHUTTLE

PAYLOAD

&

The first Shuttle flight is a train of
five pallets as illustrated in Figure
The illustration identifies the
6.0.
mission systems (i.e. Inflatable Hangar
which comprise the first
Assembly)
flight and their respective location on
It was imperative
the pallet train.
that the first flight contain the
necessary systems to begin On-orbit
construction such that assembly could
begin before the next two shuttle
flights arrived at the Station.

FIRST

MOUNTED

FLIGHT

FIGURE 7.0
END PROFILE VIEW OF FIRST SHUTTLE FLIGHT

FLIGHT

CONFIGURATION

(5 PALLETS )

ASSEMBLY AND
CONSTRUCTION

TRACK

1

INFLATABLE INFLATABLE
FLOOR
FLOOR

INFLATABLE HANGAR

U - SHAPE TRUSS

PALLET

PALLET

PALLET

PALLET

FIGURE 6.0
FIRST SHUTTLE FLIGHT CONFIGURATION
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1

||FLOOR TRUSS]
PALLET

With the Hangar, Rigid and tied down to
the trusses the MRMS obtains the floor
truss container. The floor trusses are
removed one at a time expanded and
connected to the ends of Truss number i
and 2 of the U-Shaped Truss . assembly.
With the floor trusses in position the
MRMS then obtains the foam floor
The floor is removed,
container.
expanded and rigidized in the same
manner illustrated for the hangar. This
the assembly sequence for
complete
would
one hangar and exhaust the mission
systems provided in the first shuttle
Thus further assembly would
flight.
have to wait until the next flight.
Figure 9.0 illustrates the configuration
of the TDMX after one complete assembly
The
operation (first shuttle flight).
steps previously described are repeated
for the construction of the second
hangar adjacent to the first.

ON-ORBIT LOGISTICS/SUPPORT RESOURCE
REQUIREMENTS

On-orbit
the
of
Identification
logistics/support resource requirements
for the TDMX was done by developing an
This
on-orbit operational scenario.
scenario is similar in principle to the
ground operations scenario developed
The following section will
earlier.
on-orbit
the
of
some
highlight
construction and assembly tasks.
Upon docking of the first Shuttle flight
the MRMS in conjunction with the Space
Shuttle's Arm will remove the mission
systems in the first flight from the
cargo bay and attached the packaged
systems near the mission construction
site on the Space Stations main truss.
The first step in the assembly process
is the set-up of the U-Shaped Trusses.
The MRMS removes truss number 1 from the
Attaches the
three packaged trusses.
truss to the Space Station main truss
The
and begins to expand the truss.
second of the three trusses is then
The
removed, attached and expanded.
third truss is then removed and attached
to the end of expanded truss number 1
and expanded to meet the end of truss
number 2 where it is then attached.
This assembly provides the support
structure for the hangar and further
construction.
The MRMS then places the specialized
Inflatable/
the
holding
container
Rigidized hangar on truss number 1. The
container is opened and the nylon cord
placed on the hangar during packaging is
The expulsion
tied to the trusses.
bladders are activated and the hangar is
pushed out of the container and rolled
out by the expansion of the two 1 inch
inflatable tubes (see Figure 8.0) placed
down the length of the hangar during
The seal on the vacuum bag
packaging.
is removed thus allowing the hangar to
A mechanical
expand and become rigid.
roller is used to remove the bag from
the skin of the hangar.

FIGURE 9.0
CONFIGURATION AFTER FIRST SHUTTLE FLIGHT

With the completion of the second hangar
assembly the MRMS will remove the
hexagonal interconnect (HI) from the
station attach points and place them
As
site.
construction
the
near
illustrated, in Figure 10.0 the HI are
unfolded and connected together using
the corner support plates and the
the
in
contained
gun
fastening
construction and assembly kit.

FIGURE 8.0
ON-ORBIT CONSTRUCTION OF THE
RIGIDIZED FOAM HANGAR
5-16

The remaining HI are removed unfolded
and connected to each other with the
fastening gun and the support plates.
The hangar assembly is now ready for
installation of the MRMS track. The RMS
track is then obtained snapped together
and mounted on the floor of the foam
This
floor and the lower HI panel.
completes the on-orbit assembly and
construction of the mission elements as
shown in Figure 11.0.
The specialized containers used to
transport the mission systems to the
Space Station are not valuable enough to
warrant a return trip in the cargo bay.
anticipated that the
is
it
Thus,
containers be used for storage while
attached to the Stations truss.
A detailed On-orbit Construction and
Assembly operations for TDMX 2066 was
developed. At each step in the scenario
(i.e.
resources
logistics/support
are
etc.)
MRMS
crew,
equipment,
mission
total
thus
and
identified
requirements can be obtained. The total
amount of crew time required for onorbit assembly was calculated to be 35
hours for operations of the MRMS and 127
hours of EVA time assuming two crewmen.

FIGURE 11.0
COMPLETED ASSEMBLY OF TDMX 2066

FIGURE 10.0
ON-ORBIT ASSEMBLY OF THE HEXAGONAL
INTERCONNECTS
5-17

The long-term objective consists of
Phase C/D which will consist of design
development, manufacture, and deployment
inflatable/rigidized Space
large
of
Station hangar.

PRELIMINARY EVOLUTIONARY PLAN

The final objective of the study was to
develop a Preliminary Evolutionary Plan
that indicates the major experiment
phases from development to Space Station
flight. This has been addressed and the
results are provided in this section.

A system-level preliminary analysis has
been completed during this Phase A
Several critical issues were
study.
logistical
the
concerning
addressed
considerations such as system packaging
for optimum transport to the Space
Station and on-orbit storage, on-orbit
deployment, servicing, and expansion.

Figure 12.0 identifies the near-term
objectives between 1987 and 1992 which
is to complete Phases A and B consisting
of the following:
1. Demonstration of inflatable structure
technology in space

This analysis has been focused on
identifying and minimizing technical
barriers of a logistical nature. Basic
large
to
related
engineering
inflatable/rigidized structures. While
having been determined feasible on the
ground have not been tested on-orbit.
This remains to be demonstrated on-orbit
during the Phase B.

2. Acquisition of material degradation
data for liability, durability and
suitability
3. Resolution of technology development
the
demonstrate
that
issues
feasibility of deployment of a large
on
structure
inflatable/rigidized
orbit utilizing the Space Shuttle

TOP-LEVEL DEVELOPMENT PLAN: INFLATABLE STRUCTURES
LONG TERM OBJECTIVE • provision of Inflatable
structures to meet space
station requirements.

NEAR-TERM OBJECTIVE (1987-1992)

• demonstration of Inflatable structure technology In space.
• acquisition of materials degradation data for reliability analysis.
• resolution of technology development Issues.
PHASE A

PHASE D

PHASE C/D

CONCEPT
DEFINITION

TECHNOLOGY
DEVELOPMENT

TECHNOLOGY
APPLICATION

TECHNICAL
ANALYSIS OF
KEY PARAMETERS

CONDUCT STS
MISSION

TECHNICAL
BARRIERS

SYSTEM LEVEL

LOGISTICS

DEPLOYMENT
DEMONSTRATION

EXPERIMENTS

(beam - surface)
(degradation)

•

SUBSYSTEMS
ENGINEERING

FIGURE 12.0
INFLATABLE STRUCTURES:
TOP-LEVEL DEVELOPMENT PLAN
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HOSTILE
ENVIRON
MENT

ORBITAL
DEPLOYMENT

At the materials level, several critical
issues also must be resolved. These are
(1) materials degradation
as follows:
(2) fracture of
due to atomic oxygen,
materials due to memory loss in storage,
(3) meteoroid impact and (4) structural
fatigue due to thermal cycling.

Several critical issues were identified
as being potential technical barriers
These
posed by subsystem engineering.
issues, the required analyses and the
required testing to address these issues
are presented in Figure 13.0. It should
be noted that these tests by themselves
will not confirm or verify on-orbit
Therefore, a Space Shuttle
behavior.
proof-of-concept demonstration mission
will be required.

Figure 14.0 is solely to indicate an
The concept will
experiment concept.
demonstrate the capability to deploy an
inflatable/rigidized structure will be
analogous to hangar concept previously
described.

ANALYSIS AND TEST REQUIREMENTS

The structure can be a rectangular unit
prepared, vacuum sealed, rolled, stowed
and deployed in a manner similar to the
In addition, the
proposed hangar.
surface can be constructed of various
into
assembled
materials
candidate
this
of
purpose
The
sections.
experiment is to gather information
degradation
regarding the materials
while subjected to the space environment
including radiation, penetration, etc.
It will be a simplified, MINI-LDEF type
test article designed to stand upright
in the cargo bay. The structure will be
returned to earth for examination and
relative
the
determine
to
tests
effectiveness of the candidate materials
and to assist in the selection of the
employed
be
to
most appropriate material
on the full-scale hangar.

COMPONENT LEVEL
OVERCOME TECHNICAL BARRIERS POSED I
SUBSYSTEM ENGINEERING OBSTACLES.1

CflHlCALJSSUfi

REQUIRED TESTS^

REQUIRED ANALYSES

, Rlgldlzatlon of structural
wall

> Optimization of rlgldldlzatlon
process

Ground-baaed
parametric tests

, Inflation during system
dsploymsnl

> Optimization of Inflation
process

Ground-based
parametric tests

, Structural Intsgrlly at
llsxlbls • rigid Interlace

. Design optimization

Ground-based
mechanical tests

> Comprehensive Identification
ol "hard structure" componsnts
(rings, frames, hatches, etc. )

i Preliminary system
design/test procedure
development

As Identified by
analyses

> Demonstration system
capabilities

. Demonstration objectives;
system design and analysis

Breadboard system
development/test

1. Based on Elastic Recovery Materials technique.
2. Followed by STS-based (or LDEF) proof-of-concept demonstration mission.

FIGURE 13.0
COMPONENT LEVEL:
ANALYSES AND TEST REQUIREMENTS

This experiment will present engineering
problems requiring resolution. Once the
structure is allowed to inflate, the
internal materials become rigid and
cannot be re-stowed to its original
compact configuration. Therefore, to be
re-accommodated, provisions will have to
be designed into the structure to enable
an accordion-type fold to take place in
This will necessitate that
sections.
the stowage container be sized to
accommodate the larger volume.

INFLATABLE STRUCTURE DEPLOYMENT DEMONSTRATION
AND MATERIALS DEGRADATION TESTBED

ACOUSTA
200
(lyploil)

VITON B-JO/
ITO
(typical)

CAPHON
TYPE 77C
(lyplcil)

TBD'

TBD

TBD

TBD

.TBD

TBD

TBD

TBD

TDD

TBD

TBD

TBD

VITON B-5W
NOUEX
(typlc*!)

for this
Since the time on-orbit
experiment is short (several days) the
space environmental degradation may be
inconclusive and possibly an alternative
may have to be developed to provide a
more suitable exposure duration.

FIGURE 14.0
INFLATABLE STRUCTURE DEPLOYMENT
DEMONSTRATION AND MATERIALS DEGRADATION
TESTBED
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NOMENCLATURE

C&A
EVA
GAC
HI
MRBD
MRMS
OCS
OMV
OTV
TDMX

Construction and Assembly
Extravehicular Activity
Goodyear Aerospace Company
Hexagonal Interconnect
Mission Requirements Data Base
Mobile Remote Manipulator System
Orbital Structures Company
Orbital Maneuvering Vehicle
Orbital Transfer Vehicle
Technology Development Mission
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